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Recent reports have highlighted a potential antiviral activity for nitric oxide (NO). The purpose of this study was to
investigate the production of NO in mice during vaccinia virus (VV) or herpes simplex virus type 1 infection, and to assess
the role of NO in clearance of VV. Reactive nitrogen intermediates (RNI; NO and its stable oxidation products, nitrite and
nitrate) were significantly elevated in the plasma of mice infected with these viruses. Furthermore, spleen cells from virus-
infected mice produced elevated RNI levels following stimulation in vitro with LPS. NO production during VV infection was
critically dependent on the cytokines tumor necrosis factor and interferon-g, and on the presence of both CD4/ and CD8/
T lymphocytes. Treatment of VV-infected mice with the nitric oxide synthase inhibitor N G-methyl-L-arginine did not alter the
course of infection, suggesting that NO may not be essential for the clearance of this virus. q 1996 Academic Press, Inc.
INTRODUCTION mersgill et al., 1992), Cryptococcus neoformans (Granger
et al., 1988), and Shistosoma mansoni (James and Gla-
Cytokine production, particularly by macrophages and
ven, 1989).
T lymphocytes, plays a pivotal role in the host response
More recently, a role for NO in controlling virus replica-
to virus infection (Leist et al., 1989; Ramshaw et al., 1992;
tion in vitro (Croen, 1993; Karupiah et al., 1993; Bi and
Huang et al., 1993). Despite extensive study, the mecha-
Reiss, 1995) and in vivo (Karupiah et al., 1993) has been
nisms through which cytokines such as interferon-g
demonstrated. The antiviral activity of NO, at least in vitro,
(IFNg) and tumor necrosis factors a and b (TNFa/b)
involves a block at the stage of DNA replication but has
exert their antiviral activity are not fully understood. Sev-
no effect on early protein synthesis (Harris et al., 1995).
eral potential antiviral mechanisms have been identified,
In this report we have investigated the production of NO
for example, IFNg upregulates expression of a range of
during virus infection and its role in the immune response
cellular proteins associated with antiviral activity includ-
to infection with VV.
ing 2*,5*-oligoadenylate synthetase, P1/eIF-2 kinase, and
major histocompatibility antigens (reviewed in Samuel,
MATERIALS AND METHODS1991). Recent evidence has indicated that the antiviral
activity of IFNg against ectromelia, herpes simplex virus
type 1 (HSV-1), and vaccinia virus (VV) is at least partly Animals
mediated through the production of nitric oxide (Croen,
Female CBA/H and C57BL/6 mice bred under specific1993; Karupiah et al., 1993).
pathogen-free conditions were obtained from the AnimalNitric oxide (NO) is produced in a wide variety of mam-
Breeding Establishment, John Curtin School of Medicalmalian cells through the oxidation of arginine by the en-
Research. Nude, athymic CBA mice were obtained fromzyme nitric oxide synthase (NOS). The inducible form of
the Walter and Eliza Hall Institute. All mice were betweenthe enzyme (iNOS), which produces high levels of NO,
6 and 10 weeks of age.is upregulated by a number of cytokines, including IFNg
and TNF. Produced in this way, NO has antimicrobial
Reagentsactivity against a wide range of microorganisms and par-
asites including Leishmania major (Liew et al., 1990), The competitive inhibitor of nitric oxide synthase N G-
Trypanosoma cruzi (Mun˜oz-Ferna´ndez et al., 1992), My- methyl-L-arginine (NMA) was synthesized essentially ac-
cobacterium tuberculosis (Chan et al., 1992), M. leprae cording to Patthy et al. (1977). Purity was assessed by
(Adams et al., 1991), Legionella pneumophila (Sum- TLC and microanalysis (percentage C, H, N within 0.2%
of required values). NMA was able to inhibit NO produc-
tion in a dose-dependent fashion. Polyclonal rabbit anti-1 To whom correspondence and reprint requests should be ad-
dressed. murine TNF and identically treated normal rabbit serum
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were used following ammonium sulfate precipitation and Virus titration
given intraperitoneally on Days 0 and 3 postinfection.
Organs were homogenized in 1 ml PBS. A 100-ml ali-Monoclonal antibodies (mAb) to IFNg (clone R4-6A2) and
quot of the homogenate was incubated for 30 min withthe isotype control (clone GL113) were used as ascites
100 ml of 1 mg/ml trypsin at 377. Tenfold serial dilutionsand given in a 100-ml volume ip on Days 0, 1, 2, and 4
were made in saline containing 0.5% gelatin and added to(Ruby and Ramshaw, 1991). For depletion of T cells mAb
cell monolayers grown in six-well plates. The monolayersto the CD4 antigen (clone GK1.5) or the CD8 antigen
were stained with 0.1% crystal violet in 20% ethanol after(clone YTS169.4) or the isotype control (clone Hb152)
2 days incubation at 377 in air containing 5% CO2 . Forwere used as ascites and given in a 100-ml volume ip
EV titration, trypsinized homogenates were added toon Days 03, 01, 1, and 3 relative to the day of infection.
L929 cells and incubated for 5–6 days in culture mediumLPS (Sigma Chemical Co., St. Louis, MO) was derived
containing 1% carboxymethylcellulose (ICN Biomedicalsfrom Eschericia coli serotype 0128:B12.
Inc., Ohio) at 357 before staining with crystal violet. The
sensitivity of the assay is limited to 100 PFU (2 log10). InViruses
some experiments virus was not detectable in the organs
The Western Reserve strain of VV was used and mice
of a proportion of the mice. In this case, a value of 50
were infected at a dose of 5 1 106 plaque-forming units
PFU (1.7 log10) was assigned to the organ.(PFU) by the intravenous route (iv). HSV-1 strain SC16
was provided by Dr. A. Simmons of the Institute of Medi-
RNI assaycal and Veterinary Science, South Australia, and mice
were infected with 107 PFU of HSV-1 iv. This dose results
Measurement of RNI in culture supernatants orin a lethal encephalitis by 6–10 days postinfection. The
plasma provides an indirect indication of the amountMoscow strain of ectromelia virus (EV) was used after
of NO that has been produced. RNI were measuredserial passage in BALB/c mice to increase virulence, and
according to the method of Rockett et al. (1994). Briefly,mice were infected with 5 1 103 PFU iv.
nitrite was measured by addition of 100 ml of Griess
reagent to 30 ml of test sample. Protein was removedCell lines
by addition of 100 ml of trichloroacetic acid followed by
The African green monkey kidney cell line CV-1 was centrifugation, and the OD of the samples was read at
used for growth of VV stocks. HSV-1 stocks were pre- 540 nm with a reference at 650 nm using a microplate
pared in Vero cells. For virus titration, Vero, L929, and reader (Molecular Devices, CA, USA). For nitrate mea-
the human osteosarcoma cell line 143B were used for surements, the nitrate was first converted to nitrite by
HSV-1, EV, and VV, respectively. All cells were cultured incubation with nitrate reductase and NADPH (Boeh-
in Eagle’s minimum essential medium (GIBCO, Grand ringer Mannheim, Mannheim, Germany) for 20 min. The
Island, NY) supplemented with 5% FCS, 10 mM HEPES, results were quantified by reading against appropriate
1 mM glutamine, and antibiotics. nitrite and nitrate standard curves. Both nitrite and ni-
trate were measured in culture supernatants, while onlySplenocyte culture
nitrate was measured in plasma since almost all the
Spleens from virus-infected mice were pushed RNI were in this form (Rockett et al., 1992).
through a metal sieve. The cells were washed twice in
Dulbecco’s modified Eagle’s medium (DMEM; GIBCO, Statistics
Grand Island, NY) supplemented with 10 mM HEPES
and incubated for 5 min at 377 in 2 ml of erythrocyte A two-tailed Student’s t test was used for statistical
lysis buffer (8.29 g/liter NH4Cl, 1.0 g/liter KHCO3 , 0.037 analysis.
g/liter EDTA). The cells were then washed twice and
resuspended in culture medium: DMEM supplemented
RESULTSwith 10% FCS, 0.05% sodium bicarbonate, 1 mM gluta-
mine, 10 mM HEPES, 1 mM sodium pyruvate, 5 1 1005
M 2-mercaptoethanol, and antibiotics. The spleen cells
were plated out in 96-well flat-bottom plates at a density Plasma nitrate levels are elevated during virus
of 1.6 1 106 cells per well in 200 ml of culture medium. infection
The cultures were performed in duplicate with and with-
out 1 mg/ml LPS and cultured at 377 in an atmosphere Blood samples from virus-infected mice were collected
at times up to 15 days postinfection in heparinized tubes,containing 5% CO2 . After 72 hr the supernatants were
removed and stored at 0207 prior to assaying for reac- centrifuged, and the plasma stored at 0207 for subse-
quent RNI assay. Plasma nitrate was raised during thetive nitrogen intermediates (RNI).
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the culture period (Figs. 2A and 2B). In response to stimu-
lation with 1 mg/ml LPS, splenocytes from virus-infected
mice produced significantly elevated levels of RNI com-
pared to cells from uninfected mice (Figs. 2A and 2B).
This activation may be a reflection of a generalized im-
mune stimulation brought about by virus infection or the
presence of viral antigen in the spleen. The presence of
actively replicating virus in the spleen cultures was not
necessary for RNI production in this organ: cultures from
vaccinia virus-infected mice produced high levels of RNI
at Days 6 and 9 postinfection, when the virus had been
cleared from the spleen (data not shown). Furthermore,
we could not detect virus in the spleens of HSV-1-in-
FIG. 1. Plasma nitrate levels and virus titers of virus-infected mice.
(A) Plasma nitrate concentration (j) and virus titers in ovaries (s)
of VV-infected CBA/H mice. Plasma nitrate levels were significantly
elevated compared to uninfected mice (Day 0) at Days 3, 6, 9, and 12
postinfection (P  0.005). Plasma nitrate data are means { SEM, n 
10 for each time point except Day 6, n  5. Virus titers are means {
SEM, n  5. (B) Plasma nitrate levels (j) and virus titers in ovaries
(s) and brain (n) of HSV-1-infected CBA/H mice. Plasma nitrate levels
were significantly elevated compared to uninfected mice (Day 0) at
Days 3, 5, and 6 postinfection (P  0.005). Data are means { SEM, n
 10 for each point, except Day 6, n  2.
course of infection (Figs. 1A and 1B) with both VV (P 
0.005 at Days 3, 6, 9, and 12 postinfection) and HSV-1 (P
 0.005 at Days 3, 5, and 6 postinfection). The elevation
in plasma nitrate levels reflected the course of infection
FIG. 2. Production of RNI by splenocytes from the same virus-infectedin the ovaries of VV-infected mice and brains of HSV-1-
mice as shown in Fig. 1. (A) Spleen cells from VV-infected CBA/H miceinfected mice. Administration of the competitive inhibitor
produced elevated RNI levels following stimulation with LPS (j) atof NO synthesis N G-methyl-L-arginine completely inhib-
Days 1, 3, 6, and 9 (P  0.005) postinfection compared to uninfected
ited the increase in plasma nitrate (data not shown), sug- mice (Day 0). RNI production by unstimulated spleen cells from VV-
gesting that the increased nitrate levels were the result infected mice (m) was not elevated compared to uninfected mice except
at Days 9 and 15 (P  0.005). Data are means { SEM, n  5 for eachof NOS activity.
point. (B) Spleen cells from HSV-1-infected mice produced elevated
RNI levels following stimulation with LPS (j) at Days 3 and 5 (P RNI production by splenocytes from virus-infected
0.0001) compared to uninfected mice (Day 0). RNI production by unstim-
mice ulated spleen cells (m) from HSV-1-infected mice was not significantly
elevated compared to spleen cells from uninfected mice. Data areSplenocyte cultures from virus-infected and control
means { SEM, n  10. Data for uninfected mice are given at Day 0
mice were tested for spontaneous and LPS-induced pro- only. In all experiments the RNI levels produced by unstimulated or
duction of NO. Unstimulated spleen cells from both unin- LPS-stimulated CBA/H spleen cells from uninfected mice were less
than 10 mM.fected and infected mice produced little or no RNI during
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fected mice, yet stimulated cells from these organs pro-
duced high levels of RNI. We cannot, however, com-
pletely rule out the presence of low levels of viable virus
in the cultures since the sensitivity of the plaque assay
is limited to 100 PFU.
The role of cytokines in virus-induced NO production
To assess which cytokines could be involved in virus-
induced NO production, VV-infected mice were treated
with neutralizing antibodies to IFNg or TNF. Depletion
of either cytokine resulted in a profound reduction in
plasma nitrate, close to that found in uninfected mice
(Figs. 3A and 3B). The two antibody treatments had con-
trasting influences on the course of infection. Inhibition
of IFNg blocked the ability of the mice to resolve infection
and resulted in death, the first mouse dying on Day 6
postinfection. In contrast, inhibition of TNF had little effect
on morbidity and no effect on mortality.
T lymphocytes are necessary for NO production
during virus infection
To address the role of T cells in virus-induced NO
production athymic, nude CBA/H mice were infected with
FIG. 4. (A) Contrasting plasma nitrate responses to VV infection in
CBA/H (j) and athymic, nude CBA mice (h). Data are means { SEM,
n  4. (B) Production of RNI by splenocytes from uninfected and VV-
infected CBA nude mice (6 days postinfection). LPS-stimulated spleno-
cytes from virus-infected mice produced significantly more RNI than
splenocytes from uninfected mice given the same treatment (P 0.05).
Data are means { SEM, n  3.
5 1 106 PFU VV iv, which results in the death of these
mice. Following this VV infection there was no rise in
plasma nitrate (Fig. 4A), suggesting that T cells may play
a role in stimulating the production of NO during a vac-
cinia virus infection. In contrast to the absence of ele-
vated nitrate levels in the plasma, splenocytes from VV-
infected nude mice exhibited a NO response following
restimulation with LPS (Fig. 4B) similar to that seen for
splenocytes from virus-infected CBA/H mice. This indi-
cates that nude mice are capable of producing NO but
do not produce elevated systemic levels in response to
vaccinia virus infection. These results suggest that T
cells play an important role in the NO response of immu-
nocompetent mice to virus infection.
To further examine the role of T cells in NO productionFIG. 3. The effect of cytokine depletion on plasma nitrate levels
during the course of VV infection. (A) CBA/H mice were infected with during virus infection, the CD4/ and CD8/ subsets were
VV and given mAb R4-6A2 (anti-IFNg; l), mAb GL113 (isotype control; selectively depleted using specific monoclonal antibod-
L), or PBS (s) or left uninfected (n). (B) CBA/H mice were infected ies, in mice infected with 5 1 106 PFU VV iv. The protocol
with VV and given antiserum to TNF (j), control rabbit serum (h), or
used resulted in almost complete depletion of the re-PBS (s) or left uninfected (n). Mice were bled from the tail vein at Days
spective subsets as determined by FACS analysis (data1, 3, and 5 and the samples pooled for plasma nitrate determination. n
 5 mice per group. not shown). Depletion of either CD4/ or CD8/ T cells
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TABLE 1 treatment on the course of HSV-1 infection in CBA/H
mice was investigated. At 6 days following infection withThe Role of CD4/ and CD8/ T Cells in VV-Induced
105 PFU iv, virus titers in the brain and spinal cord, but notElevation of Plasma Nitrate
the adrenal gland, were slightly but significantly higher in
Log10 virus titer the NMA treatment group compared to those of the PBS-
Plasma nitrate treated group. Similarly, the mean time to death of CBA/
(mM) Ovary Lung
H mice infected with 107 PFU iv HSV-1 was slightly but
significantly reduced in the NMA treatment group.Uninfected 6.5 { 0.7 — —
Saline 57.9 { 12.9 7.0 { 0.3 2.0 { 0.2
Isotype control 70.6 { 18.0 7.4 { 0.2 2.0 { 0.3 DISCUSSION
Anti-CD4 28.8 { 6.3* 7.6 { 0.3 4.4 { 0.1**
Anti-CD8 12.3 { 1.8*** 7.3 { 0.3 3.7 { 0.1** Nitric oxide has antimicrobial activity against a variety
Anti-CD4 / anti-CD8 4.5 { 0.8** 7.6 { 0.5 5.4 { 0.1**
of infectious agents and recent studies have demon-
strated that this activity extends to viruses (Croen, 1993;Note. Female CBA/H mice were infected with 51 106 PFU VV, treated
with T cell depleting antibodies as under Materials and Methods, and Karupiah et al., 1993; Bi and Reiss, 1995). These earlier
sacrificed on Day 7 postinfection. Results are means { SEM, n  5 studies showed that the ability of IFNg-activated macro-
per group, and are representative of three of four experiments per- phages to restrict virus replication was mediated to a
formed. For statistical analysis, treatment groups were compared with
large extent through the induction of iNOS. NO acts inmice treated with the isotype control mAb.
vitro by preventing viral DNA replication and late protein* P  0.05.
** P  0.005. synthesis (Harris et al., 1995), and initial studies sug-
*** P  0.01. gested that inactivation of enzymes containing iron–sul-
phur centers was at least partially responsible for this
effect (Karupiah and Harris, 1995). Studies in vivo re-
substantially blocked the elevation in plasma NO03 that vealed that resistant (C57BL/6) mice infected with ectro-
normally occurs in response to virus infection, while com-
melia virus could be made susceptible if treated with the
bined depletion of both CD4/ and CD8/ T cells resulted
NOS inhibitor NMA (Karupiah et al., 1993). The aim of
in essentially a complete block in virus-induced NO03 the present study was to investigate the production of
elevation (Table 1). Higher virus titers were recovered
nitric oxide during the course of virus infection and its
from the lungs of mice depleted of either CD4/ or CD8/
role during murine VV infection.
cells (Table 1). Ovary virus titers were the same in all
Infection with either VV or HSV-1 resulted in elevated
treatment groups (Table 1), with approximately 107 PFU
plasma nitrate, indicative of increased production of nitric
VV recovered from each pair of ovaries. This represents
oxide. The levels of nitrate in the plasma corresponded
close to maximum virus growth in this organ, and thus
closely with viral load in the ovaries of VV-infected mice
the consequences of T cell depletion are not likely to be
apparent in the ovaries until later during the course of
infection, when control mice are beginning to clear virus TABLE 2
from this organ.
Treatment of Mice with the NOS Inhibitor NMA Exacerbates Ectro-
melia Virus Infection but Does Not Influence the Course of Vaccinia
Treatment with NMA exacerbates EV infection but Virus Infection
does not influence the course of vaccinia infection
Log10 virus titers
To inhibit the activity of NOS during virus infection
Ectromelia virus Liver Spleenmice were treated with 5 mg/day iv of the NOS inhibitor
NMA, starting 24 hr postinfection. Karupiah et al. (1993)
PBS 2.8 { 0.4 1.9 { 0.2demonstrated that this treatment protocol dramatically
NMA 5.5 { 0.3* 3.1 { 0.3**
exacerbates ectromelia virus infection, a result that we
Vaccinia virus Ovary Lunghave been able to confirm (Table 2). C57BL/6 mice were
infected with 5 1 103 PFU EV iv and treated with PBS or
PBS 5.8 { 0.3 2
NMA. Mice given NMA had higher titers of virus in their NMA 6.0 { 0.1 2
liver and spleen at 8 days postinfection (Table 2) and on
Note. C57BL/6 mice were infected with 5 1 103 PFU EV iv and CBA/histological analysis had more severe hepatic lesions
H mice were infected wtih 5 1 106 pfu VV iv. The mice were treated(not shown). This same NMA treatment had no effect on
with 5 mg/day NMA iv starting 24 hr postinfection. On Day 8 the micethe course of VV infection (5 1 106 PFU VV iv) in CBA
were sacrificed and their organs collected for titration. All data are
mice (Table 2). Similarly, NMA treatment had no effect mean log10 virus titer { SEM for five mice.
on the course of VV infection in C57BL/6 mice (not * P  0.0005 compared to PBS-treated mice.
** P  0.01 compared to PBS-treated mice.shown). In a preliminary experiment the effect of NMA
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and the brains of HSV-1-infected mice. Many cell types, is the final pathway by which NO production is stimulated
and that CD4/ cells are essential for the generation ofincluding macrophages, fibroblasts, hepatocytes, and
smooth muscle cells can express iNOS when appropri- these activated CD8/ cells. However, mice depleted of
CD4/ T cells mounted an anti-VV CTL response of similarately stimulated (Nussler and Billiar, 1993). Any of these
could be responsible for the increased plasma nitrate magnitude to control VV-infected mice (data not shown
and Buller et al., 1987). An alternative mechanism is thatwe have found in VV and HSV-1 infections. In Borna
disease virus-infected rats and LCMV-infected mice, cytokine production by both T cell subsets is required
for optimal NO production. In support of this it has beenupregulation of iNOS in the brain seems to occur princi-
pally in macrophage-like cells (Zheng et al., 1993; Camp- demonstrated that both CD4/ and CD8/ cells produce
both IFNg and TNF during the course of VV infectionbell et al., 1994), and it will be interesting to investigate
whether this pattern is seen in other organs and with (Ruby et al., 1993).
The role of T cells in the induction of iNOS in a numberother viruses. Our experiments demonstrated that spleen
cells from virus-infected mice are primed to produce high of situations has been examined. Campbell et al. (1994)
demonstrated an induction of iNOS in the brains oflevels of RNI following stimulation with LPS, suggesting
that leukocytes may be producing at least part of the LCMV-infected immunocompetent mice but not in
athymic nude mice. Induction of iNOS by immunizationnitrate that was detected in the plasma of infected mice.
IFNg plays a major role in the induction of macro- with irradiated Plasmodium berghei sporozoites is de-
pendent on CD8/ T cells but not CD4/ cells (Seguin etphage iNOS (Ding et al., 1988), and this has recently
been confirmed in BCG-infected IFNg ‘‘knockout’’ mice al., 1994). Contrasting results were obtained for infection
with Listeria monocytogenes, in which it was demon-(Huang et al., 1993). Our results, showing that IFNg
inhibition blocked the rise in plasma nitrate induced by strated that the resistance of SCID mice, which lack both
B and T lymphocytes, to listeria infection was mediatedvirus infection, are in accord with these previous stud-
ies. In vitro, TNF alone does not stimulate iNOS in mac- through the production of NO (Beckerman et al., 1993).
In this situation, T cells are not essential for NO produc-rophages but synergizes strongly with IFNg (Ding et
al., 1988) and may be essential for IFNg-stimulated tion as heat-killed L. monocyogenes can directly induce
the production of IL-12 and TNF from macrophages, re-induction of iNOS (Langermans et al., 1992). The eleva-
tion of plasma nitrate caused by V V infection was sup- sulting in the stimulation of NK cells to produce IFNg
(Tripp et al., 1993). Rottenberg et al. (1995) investigatedpressed by treatment with antiserum to TNF, sug-
gesting that TNF is an essential signal for induction of NO production during T. cruzi infection in CD4- and CD8-
deficient mice. Following infection, wild-type and CD8iNOS during murine V V infection. Similar results have
been obtained in other infectious disease models (Gaz- ‘‘knockout’’ mice produced significant levels of NO (as
measured by spleen iNOS mRNA or production of NOzinelli et al., 1993; Green et al., 1993). Despite causing
a marked depression in plasma nitrate levels, inhibition by peritoneal cells), but CD4 ‘‘knockout’’ mice produced
levels of NO close to that found in uninfected mice. Thus,of either TNF or IFNg resulted in markedly different
disease outcomes. This result argues against a critical the requirement for T cells in inducing iNOS expression
varies with different pathogens.role for NO alone in protection against V V.
To examine the regulation of NO production during a Host resistance to the natural mouse pathogen ectro-
melia virus can be diminished by inhibition of NO produc-virus infection, athymic mice were infected with VV.
These mice are unable to control vaccinia virus and die tion with NMA (Karupiah et al., 1993). We have confirmed
this observation and, in direct contrast, shown that inhibi-from overwhelming infection. There was no increase in
plasma nitrate during V V infection in these mice, sug- tion of NO production (using the same NMA treatment
protocol as Karupiah et al., 1993) has no effect on clear-gesting that T cells are important in the induction of iNOS.
LPS-stimulated spleen cells from nude mice produced ance of VV, a virus of considerably less virulence. The
recently developed iNOS ‘‘knockout’’ mice (MacMickingRNI levels comparable to those produced by immuno-
competent mice. The relevance of this observation to et al., 1995; Wei et al., 1995) will provide an excellent
tool to confirm this finding. These results suggest thatvirus infection is unclear, but one possibility is that LPS
is acting as a de facto T-cell-dependent signal essential NO is not essential for the control of VV infection and
are consistent with two possibilities: (1) that NO is notfor production of NO in vivo. This T-cell-dependent signal
could be either a secreted cytokine or a cell-bound mole- involved in the clearance of VV or (2) that NO is involved
but fully adequate compensatory mechanisms can becule (Tao and Stout, 1993). Selective depletion of CD4/
and CD8/ T cell subsets revealed that both cell types invoked in its absence. Based on the present study show-
ing elevated production of NO during VV infection, andare required for optimal production of NO in response to
VV infection. The mechanism by which CD4/ and CD8/ previous studies demonstrating the strong anti-VV activ-
ity of NO in vitro (Karupiah et al., 1993; Harris et al., 1995),cells are involved in NO production is not clear. We hy-
pothesized that IFNg production by activated CD8/ cells we consider the latter possibility to be more convincing.
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induced, nitric oxide-mediated inhibition of vaccinia virus replication.This study has shown that (1) NO is produced during
J. Virol. 69, 910–915.VV and HSV-1 infection of immunocompetent mice, (2)
Huang, S., Hendriks, W., Althage, A., Hemmi, S., Bluethmann, H., Kamijo,
production of NO during VV infection is regulated by both R., Vilcek, J., Zinkernagel, R. M., and Aguet, M. (1993). Immune re-
CD4/ and CD8/ T cells, and requires IFNg and TNF, sponse in mice that lack the interferon-g receptor. Science 259,
1742–1745.and (3) unlike its role in EV infection, NO may not be
James, S. L., and Glaven, J. (1989). Macrophage cytotoxicity againstimportant in resolution of murine VV infection. It will be
schistosomula of Schistosoma mansoni involves arginine-dependentof interest to determine the role of NO in the immune
production of reactive nitrogen intermediates. J. Immunol. 143, 4208–
response to other viruses. 4212.
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